OPEN 3 ACCESS Freely available online 



■0-PLOS I o-^E 



The Screening Research of Anti-Inflammatory Bioactive (gi 
Markers from Different Flowering Phases of F/os cross*^rk 
Lonicerae Japonicae 

Min Jiang^'^, Yan-qi Han^'^, Meng-ge Zhou^'^, Hong-zhi Zhao^'^, Xue Xiao\ Yuan-yuan Hou^'^, Jie Gao^'^, 
Gang Bai^'^*, Guo-an Luo^'^ 

1 State Key Laboratory of Medicinal Chemical Biology and College of Pharmacy, Nankai University, Tianjin, People's Republic of China, 2Tianjin Key Laboratory of 
Molecular Drug Research, Nankai University, Tianjin, People's Republic of China, 3 Department of Chemistry, Tsinghua University, Beijing, People's Republic of China 



Abstract 

F/os Lonicerae Japonicae (FU) is an important casli crop in eastern Asia, and it is an anti-inflammatory Traditional Chinese 
Medicine. There are large variations in the quality of the marketed FU products. To find marker ingredients useful for quality 
control, a tandem technology integrating ultra-performance liquid chromatography/quadrupole time-of-flight mass 
spectrometry (UPLC-Q/TOF), principal component analysis (PCA), heat map analysis and hierarchical cluster analysis coupled 
with a NF-kB luciferase reporter gene assay were used to identify the different ingredients from the green bud, white bud, 
flowering stage and leaf stages, as well as to screen the anti-inflammatory activity of FU compositions. As flowering 
progressed, the anti-inflammatory effects of FU gradually decreased; however, chlorogenic acid, swertiamarin and 
sweroside should be used to evaluate the quality of FU products. 
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Introduction 

Flos Lonicerae Japonicae (FLJ) refers to the flower buds [1] of 
Lonicera japonica Thunh, which is also known as honeysuckle. FLJ is 
native to eastern Asia [2], including China, Japan, and Korea. FLJ 
is used as a traditional Chinese medicine; the first medicinal use of 
FLJ was recorded in the Compendium of Materia Medica (A.D. 
1596) and is officially listed in the Chinese Pharmacopoeia (2010 
version). Currently, FLJ has found wide use in herbal drugs, health 
products and food. Li 2010, FLJ had an 800,000-ton domestic 
demand in China, and the economic benefits of this demand 
exceeded 1 billion United States dollars [3]. Generally, the 
flowering phase of FLJ has been divided into the three stages: the 
green bud stage (Bud size 1.0-3.5 cm, green), the white bud stage 
(Bud size 3.0-4.5 cm, white) and the flowering stage (Blooms). AU 
of these stages of FLJ are commercially available. Currently, 
identifying the appropriate stages for harvesting FLJ remains 
controversial. In the Chinese Pharmacopoeia (2010 version), only 
two components (chlorogenic acid and cynaroside) were used to 
evaluate the quality of FLJ products. However, FLJ contains a 
complex mixture of numerous chemical compounds; therefore, 
measuring two particular constituents remains insufficient when 
evaluating the quality of FLJ products. Due to these shortcomings, 
the quality of FLJ on the market remains variable. Validating the 
picking period and the quality control standards are the current 
critical issues. 



According to the Chinese Pharmacopoeia (2010 version), FLJ is 
used to treat furuncle carbuncle, pharyngitis, dysentery, erysipelas, 
colds, and other afflictions [4] . AU of these diseases are related to 
inflammation. Inflammation is an important physiological re- 
sponse associated with numerous human diseases that can occur in 
any part of the body [5,6]. FLJ has antifebrile, antimicrobial, and 
excellent anti-inflammatory effects [7-11]; its anti-inflammatory 
mechanism has been reported [7,12]. FLJ exhibits a suppressive 
effect on the NO production during an in vivo air pouch model 
[10] and confirmed in vivo anti- inflammatory activity. Ryu and co- 
workers [1 1] have produced a highly purified FLJ extract; 
intravenously injecting this extract into mice produces anti- 
inflammatory and analgesic effects by inhibiting cylcooxygenase- 
2 induction, inducible nitric oxide synthase, and 5-lipoxygenase 
activities. 

There are few reported comprehensive surveys of the anti- 
inflammatory compounds in FLJ. Therefore, revealing the 
pharmacodynamic materials in FLJ is urgent. The traditional 
method for screening bioactive components requires extracting 
and isolating purified compounds and using pharmacological 
models to detect, isolate, and structurally elucidate the biologically 
active constituents. This method consumes a great deal of time 
and material, making it inefficient for directly screening bioactive 
compounds. Therefore, a rapid and effective anti-inflammatory 
activity screening assay for FLJ is necessary [13]. 

In this study, a tandem method integrating UPLC-Q/TOF- 
MS, PCA, heat map analysis, and hierarchical cluster analysis with 
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a NF-kB luciferase reporter gene assay was used to identify the 
different components from the green bud, white bud, flowering 
stage and leaf stages, as well as to screen the anti-inflammatory 
activity of the compounds from FLJ. 

Materials and Methods 

1. Ethics Statement 

This study was approved by the Institutional Review Board at 
the Nankai University. This field study did not involve any 
endangered or protected species, and all the samples of FLJ we 
purchased were common species in China. And no specific 
permission was required. 

2. Reagents and Chemicals 

HPLC grade acetonitrUe was purchased from Fisher Scientific 
(Pittsburgh, PA, USA). HPLC grade water was prepared from 
distilled water using a MiUi-Q^ system (Millipore Laboratory, 
Bedford, MA, USA). Swertiamarin, sweroside and chlorogenic 
acid were purchased from Yifang S&T (Tianjin, China). Tumor 
necrosis factor-a (TNF-ot) was obtained from PeproTech (Rocky 
HUl, NJ). All reagents for cell culture were purchased from 
GibcoBRL Life Technologies (Rockville, MD, USA). The 
Lipofectamine 2000 transfection reagent was obtained from 
Invitrogen (Carlsbad, CA, USA). Any additional reagents used 
in this study were analytical grade. 

3. Herbal Materials 

Thirty-two samples from FLJ, including the green bud (GB), 
white bud (WB), flower (FL) and leaf of FLJ (LE) (samples No. 1-8 
corresponded to GB, samples No. 9-16 corresponded to WB, 
samples No. 17-24 corresponded to FL and samples No. 25-32 
corresponded to LE), were purchased from Anguo in the Hebei 
province of China and identified by Professor Tiejun Zhang from 
the Tianjin Institute of Pharmaceutical Research. The chlorogenic 
acid and cynaroside contents were determined using the method 
described in the Chinese Pharmacopoeia (2010 version). All 
samples were powdered and passed through a 100-mesh sieve 
before extraction. 

4. Cell Culture 

Human embryonic kidney 293 (HEK 293) cells and human 
bronchial epithelial (BEAS-2B) cells obtained from the American 



Type Culture Collection (Rockville, MD) were cultured in DMEM 
and DMEM/F12 (Hyclone, USA), respectively, containing 10% 
fetal bovine serum (FBS) (Hyclone, USA), 100 U/mL penicillin 
and 0.1 mg/mL streptomycin at 37°C under 5% CO2 in an 
incubator. 

5. Sample Preparation for Analysis 

The dried, ground materials ( 1 g) were extracted with 1 0 mL of 
water using an Ultrasonic cleaner (40 kHz, 500 W, Ningbo, 
China) for 60 min at room temperature. The extracts were 
centrifuged at 3500 rpm for 10 min, and the supernatants were 
sequentially extracted with petroleum ether, dichloromethane, 
ethyl acetate and aqua-saturated n-butanol. Each fraction was 
evaporated under vacuum, yielding petroleum ether (PEE), 
dichloromethane (DME), ethyl acetate (EAE), n-butanol (BUE), 
and aqueous (AQIi) extracts. The extracts were dissolved in 0. 1 % 
DMSO DMEM medium and used for the NF-kB luciferase 
activity studies. The residues were dissolved in water and filtered 
through a 0.22-|J,m membrane filter before UPLC-MS analysis. 

6. Luciferase Reporter Assay System for NF-kB Inhibition 

Before the experiments, the cells were treated with fresh serum- 
free medium for 24 h. Afterward, the HEK 293 cells were co- 
transfected with the NF-kB luciferase reporter plasmid pGL4.32 at 
100 ng/well and the Reiiilla luciferase reporter vector plasmid 
pRL-TK at 9.6 ng/well for 24 h. Lipofectamine 2000 was used 
during the transfection according to the manufacturer's instruc- 
tions. After transfection, the cells were pre- incubated with the 
drugs for 1 h before being stimulated with 5 ng/ml TNF-Of for 
6 h. Subsequently, the luciferase activity was assayed using a 
Luciferase Reporter Assay System (Promega, WI, USA) after the 
HEK 293 cells were washed and lysed according to tiie 
manufacturer's instructions. The luminescence was assessed with 
a Modulus luminometer from Turner Biosystems (Turner Design, 
Sunnyvale, CA, USA), and the relative luciferase activity (firefly 
and ReniUa luciferase) was used to normalize the differences in 
transfection efficiency. 

7. Anti-inflammatory Activity Detection of various 
Flowering Phases and Leaf of FLJ 

The green bud stage (GB) of FLJ was the most common 
material available. In this paper, the aiiti- inflammatory activity of 
various GB extractions was first measured using the NF-kB 
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Figure 1 . Effects of the extracts from FLJ on NF-kB levels. The values are presented as the means ± SEM; n = 6 for each group. One (*), two (**) 
or three (***) indicate p<0.05, p<0.01 or p<0.001 vs the TNF-a treated group, respectively; ### indicates p<0.001 vs the control group. 
doi:1 0.1 371/journal.pone.009621 4.g001 
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Figure 2. Effects of the different FLJ flower bud stages on NF-kB inhibition (A), the heat map and hierarchical cluster analysis of FU. 

A: The expression of NF-kB in TNF-ot stimulated HEK 293 cells. The values are presented as the means ± SEM; n = 6 for each group. One (*), two (**) or 
three (***) indicate p<0.05, p<0.01 or p<0.001 vs the TNF-a treated group, respectively; ### indicates p<0.001 vs the control group. B: The relative 
contents of the marker ingredients and NF-kB inhibitors in different FU flower bud stages. Zero content was expressed as red and the largest content 
(100%) as green. 

doi:1 0.1 371/journal.pone.009621 4.g002 



luciferase reporter gene assay. The most active extracts from the 
various flower and leaf phases of FLJ were used to detect the anti- 
inflammatory activity, and the different ingredients were analyzed 
using UPLC-Q/TOF MS coupled with PCA. 

7.1. UPLC-Q/TOF MS conditions. A Waters Acquity 
UPLC instrument system (Waters Co., USA) equipped with a 
photo diode array detector (DAD) was used for the FLJ analysis. 
The system was controlled by MassLynx 4.1 software (Waters Co., 
USA). The separations were performed on a Waters Acquity 
UPLC BEH Cia column (2.1 mmXlOO mm, 1.7 |a,m) at 30°C. A 
gradient elution of acetonitrile (A) and 0. 1 % formic acid (B) was 
performed as follows: 0-5 min, isocratic of 2% A; 5-9 min, 2-8% 
A; 9-12 min, isocratic of 8% A; 12-15 min, 8-10% A; 15- 
18 min, 10-15%; 18-22 min, 15-20% A; 22-27 min, 20-100%. 
UPLC GB fractions were collected in a 96-deep-well plate every 
0.5 min and evaporated to dryness in a vacuum drying oven. The 
residues were dissolved in 100 |a,L of cell culture medium for 
further bioactivity studies. 

Mass spectrometry was performed with a Waters Q/TOF 
Premier Mass Spectrometer with an electrospray ionization system 
(Waters MS Technologies, Manchester, UK). The ESTMS spectra 
were acquired in negative ionization mode. The conditions for 
ESI-MS analysis were as follows: the capillary voltage was set to 
2.5 kV, the sample cone voltage was set to 30 V, the desolvation 
gas flow was set to 600 L/h at 300°C, the cone gas was set to 



50 L/h, and the source temperature was 100°C. The Q/TOF 
Premier acquisition rate was 0.1 s, with a 0.02 s inter-scan delay. 
The MS spectra were acquired from 50 to 1500 Da. Leucine- 
enkephalinamide acetate (LEA) was used as the lock mass (m/ z 
555.2931 in ESl-H and 553.2775 in ES1-) at 200 ng/mL and 
20 |J.L/min. 

7.2. PCA of the substances. PCA was used to differentiate 
the characteristic components of the different FLJ samples. UPLC- 
Q/TOF MS data were imported into Markerlynx, and the data 
from Markerlynx were directiy imported into the Simca-P software 
(version 1 1 .5, Demo, Umetrics, Umea, Sweden) to ensure a 
smooth formation process. PCA was used to distinguish the 
principal components (PCs). However, each substance was also 
identified in Markerlynx and analyzed according to the UV data, 
as well as the primary and secondary mass spectrometry data, 
relative to the literature values. 

8. Analysis of Relative Content 

The relative content of each component in each samples of FLJ 
was revealed by a heat map. The peak areas of the target 
compounds were exported from Markerlynx, followed by 
normalization. The samples were analyzed using the Cluster 
software (version 3.0, Cluster), and the results were visualized 
using Java Treeview (version 1.1.6 R2). 
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Figure 3. PCA and the BPI chromatograms at different FLJ flower bud stages. BPI chromatograms (A), score plots (B) and loading plots (C) 
in positive and negative ESI modes are shown. The peak numbers, significance values and relative contents (IVIAX.) are consistent with those in 
Table 1. 

doi:1 0.1 371/journal.pone.009621 4.g003 



9. Hierarchical Cluster Analysis 

The resemblance and variation of tlie compounds in FLJ at 
difiFerent stages were evaluated by a hierarchical clustering analysis 
(HCA) performed based on the characteristics of the peak areas of 
the NF-kB inhibitor and marker profiles (total of 10 compounds). 
The peak areas of samples 1-32 formed a 32x10 matrix. The 
distances between the 32 samples were calculated using SPSS 
software (version 18.0, SPSS). 



10. Determination of the Swertiamarin, Sweroside and 
Chlorogenic Acid Contents in FU 

The determination of the swertiamarin, sweroside and chloro- 
genic acid contents was performed according to the UPLC 
conditions described above. The ultraviolet detector was set at 
327 nm for chlorogenic acid and at 236 nm for swertiamarin and 
sweroside, respectively. 

11. Confirmation of the Bioactivity of the NF-kB inhibitors 
on BEAS-2B 

The confirmation method for BEAS-2A was the same as that for 
the HEK 293 cells. Swertiamarin, sweroside and chlorogenic acid 
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Figure 4. A picture of different flower bud stages of FLJ and the chemical structures of the marker ingredients and bioactive 
compounds in FU. 

doi:1 0.1 371 /journal.pone.009621 4.g004 



were added to the cells at different concentrations (100, 10, 
1 |J,mol/L). The NF-kB inhibition of the three compounds was 
evaluated with a Luciferase Reporter Assay System, and the 
release of IL-6 and IL-8 into the BEAS-2B cell supernatants after 
stimulation by drugs or TNF-ot was measured using an ELISA kit 
(Pierce/Endogen) according to the manufacturer's instructions. 

12. Statistical Analysis 

The results are expressed as the standard error of the mean 
(SEM). The statistical analysis of the data over multiple 
comparisons was performed using a one-way ANOVA followed 
by the Bonferroni post-hoc test. For single comparisons, the 
significant differences between the means were determined using 
Student's /-test. The statistical significance was set at P<0.05. 

Results 

1. The NF-kB Inhibitory Effects of FLJ Extracts 

The effects of different extracts of the FLJ GB stage and its 
supernatant on NF-kB were evaluated at the cellular level using 
the luciferase reporter assay system. As shown in Fig. 1, the 
positive dexamethasone (Dex) (lO"' mol/L), low GB dose (GB-L, 
0.1 mg/mL), middle GB dose (GB-M, 0.3 mg/mL), high GB dose 



(GB-H, 1.0 mg/mL) and AQE of FLJ (0.3 mg/mL) groups 
significandy inhibited the TNF-ot induced NF-kB production 
(P<0.01). Consequendy, the AQE extraction contained potential 
NF-kB inhibitors. Therefore, the AQE extractions of the four FLJ 
groups were used during further experiments. 

2. Evaluation of the Bioactivity of the NF-kB Inhibitors 

To evaluate the effects of the four FLJ groups on NF-kB 
inhibition, the AQE extracts for each stage were added to the 
TNF-ot stimulated HEK 293 cells for the bioactivity tests using a 
NF-kB activity luciferase reporter assay system. As shown in 
Fig. 2 A, for the low (0.1 mg/mL), middle (0.3 mg/mL) or high 
dose (1.0 mg/mL) groups, the FLJ GB demonstrated the highest 
inhibition of NF-kB expression. The FLJ WB exhibited decreasing 
anti-inflammatory activity, but the FLJ LE did not inhibit NF-kB. 
Therefore, the FLJ GB stage contained an anti-inflammatory 
agent operating at the cellular level; this result was consistent with 
its use in TCM. Therefore, the FLJ GB stage was used to separate 
and screen the NF-kB inhibitors via UPLC-Q/TOF MS analysis. 
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Figure 5. UPLC-Q/TOF coupled with a luciferase reporter assay to survey and identify NF-kB inhibitors in the GB of FLJ. A: BPI 

chromatogram in negative ESI mode. B: BPI chromatogram in positive ESI mode. C: The bioactivity chromatogram obtained via the luciferase reporter 
assay system for NF-kB inhibition. The peak numbers are consistent with those in Table 1. 
doi:1 0.1 371/journal.pone.009621 4.g005 



3. PCA Results and Identification of Marker Ingredients 

To evaluate the influence of sample preparation on the data, six 
parallel samples were prepared using the same preparation 
protocol; the retention times of the peaks remained almost 
unchanged, and the relative standard deviations (RSD) of the 
peak intensities of the major signals were below 3.9%. The 
precision of injection was studied by continuously analyzing six 
injections from the same samples. The RSDs of the peak areas 
were between 2.1 and 3.6%. The basic peak ion (BPI) current 
chromatograms from the different FLJ stages in both negative and 
positive ESI modes are presented in Fig. 3A. Obvious discrimi- 
nation between the different FLJ stages was observed in the PCA 
score plots (shown in Fig. 3B) that were used to distinguish the 
components at the different stages based on their chemical 
fingerprints. All of the samples were classified into four groups, 
and none of them were misclassified, demonstrating that the 
constituents of the samples from different stages were significantly 
different. The loading plots were utilized to reveal the contribution 
of each principal component during our experiment. The distance 
from the origin of the loading plots to the marker demonstrated 
the significance of the marker, and a higher value indicates a more 
significant marker. From Fig. 3C, six compounds (swertiamarin, 
sweroside, loganin, 8-e/)!-loganin, 8-e/;f-loganic acid and an 
unknown component) contributed strongly to the clusters (signif- 
icance value >0.1) in both positive and negative mode; the six 
components were therefore marker ingredients. The detailed 
results and structures of the marker ingredients are presented in 
Table 1 and Fig. 4, respectively. 



4. Identification of Hit Compounds for NF-kB Inhibitors in 
the GB of FU 

To identify the effective compounds in FLJ, the AQE GB 
extract was separated using UPLC. The UPLC fractions were 
collected at 0.5 min intervals, and each fraction was tested for 
activity using the luciferase reporter assay system for NF-kB 
inhibitors. As shown in Fig. 5C, seven candidate compounds 
(peaks 1, 2, 5, 7, 8, 9 and 10) exhibited increased NF-kB inhibition 
twice that of the control. The potential NF-kB inhibitors could be 
classified into two types according to their chemical structures: 
chlorogenic acid and iridoid glycosides, including swertiamarin, 
sweroside, 8-epi-logamc acid, secoxyloganin, loganic acid, and 
aldosecologanin. Three NF-kB inhibitors from the GB belonged to 
the marker ingredients found in the different FLJ stages. The 
detailed results for the identified bioactive compounds and the MS 
and MS /MS information are listed in Table 1. The structures of 
the bioactive compounds in the AQE from the GB stage of FLJ are 
shown in Fig. 4. 

5. Connprehensive Evaluation and Analysis 

According to the above results, six marker ingredients were 
found in the different flower bud stages of FLJ, and seven bioactive 
components were identified in the GB stage of FLJ. These 
ingredients belonged to different chemical families and were 
common in the different stages of FLJ. 

To reveal the relative content for each compound in each 
different stage, a heat map was established, as shown in Fig. 2B. 
The red color means "zero," and green indicates "the largest" 
content of each ingredient based on the normalized data. The last 
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Figure 6. Confirmation of the effects by potential NF-kB inKiibitors. A: Effects of the potential NF-kB inhibitors on the NF-kB expression. B 
and C: IL-6 and IL-8 expression in TNF-a induced BEAS-2B cells, respectively. Each bar represents the mean ± SEM; n = 6 for each group. One (*) or two 
(**) indicate p<0.05 or p<0.01 vs the TNF-a treated group, respectively; indicates p<0.01 vs the control group. 
doi:10.1371/journai.pone.0096214.g006 



six ingredients in tlie box were the marker ingredients identified by 
PCA analysis, and tlie components in blue were the NF-kB 
inhibitors revealed by the dual-luciferase reporter assay system. 
The six NF-kB inhibitors (swertiamarin, sweroside, secoxyloganin, 
chlorogenic acid, loganic acid, and aldosecologanin) were the most 
abvmdant in the FLJ GB stage, explaining why the GB stage 
exhibited the best anti-inflammatory activity. In addition, the 
contents of these six NF-kB inhibitors declined during the WB, FL 
and LE stages, which was consistent with their NF-kB inhibition 
abilities. 

During the hierarchical clustering analysis using the Pearson 
correlation, the 10 key marker ingredients from the 32 batches of 
samples were divided into three main clusters (Fig. 2B): com- 
pounds 7, 9, 10, 8, 2 and 1 composed cluster one and were 
abundant in the GB stage; ingredients 4 and 6 were abundant in 
the LE stage and were grouped as cluster two; and ingredients 3 
and 5 were abundant in the FL stage and were grouped as cluster 
three. 



6. Determination of Swertiamarin, Sweroside and 
Chlorogenic Acid in FU 

The swertiamarin, sweroside and chlorogenic acid contents 
were determined as representative bioactive compounds by 
UPLC. The linear ranges of swertiamarin, sweroside, and 
chlorogenic acid were 31.28 to 312.8 ng (Y= 56033X+289.41, 
r = 0.9997), 32.5 1 to 325. 1 ng (Y = 30923. 1 7X-6.69, r = 0.9997), 
and 33.2 to 397.44 ng (Y = 91679X+928.81, r = 0.9993), respec- 
tively. The average concentrations of swertiamarin, sweroside, and 
chlorogenic acid in the FLJ were approximately 12.30, 6.23 and 
18.59 mg/g, respectively. 

7. Confirmation of the Bioactivity of NF-kB Inhibitors 
from FLJ 

As shown in Fig. 6A, swertiamarin, sweroside and chlorogenic 
acid demonstrated significant NF-kB inhibition (P<0.05). The 
NF-kB transcription factors synergisticaUy activate the transcrip- 
tion of the IL-6 and IL-8 inflammatory cytokines [14]. The above 
NF-kB inhibitors were further validated using an IL-6 and IL-8 
release test. In this experiment, swertiamarin, sweroside and 
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chlorogenic acid (1, 10, and 100 |J,mol/L) were added to TNF-a- 
stimulated BEAS-2B cells to determine whether these compounds 
elEciendy inhibited the release of IL-6 and IL-8. As shown in Fig. 6 
(B and C), the IL-6 level was decreased in the swertiamarin, 
sweroside, and chlorogenic acid-treated (10 and 100 (imol/L) 
groups (P<0.05). For IL-8, the swertiamarin, sweroside, and 
chlorogenic acid had significant suppressive efiects (P<0.05). The 
positive control was Dex (10 |i,mol/L) and significantly inhibited 
both IL-6 and IL-8 release (P<0.01). These results confirmed the 
anti-inflammatory effects of different NF-kB inhibitors present in 
FLJ. 

Discussion 

In the current study, an aqueous FLJ extract exhibited a similar 
anti-inflammatory efficacy to that of the full extract and was 
stronger than any other extract. This result is consistent with 
previous studies [9] and with FLJ clinical applications. Therefore, 
we carried out further experiments using aqueous extracts. 

Currently, all three FLJ stages are commercially available. Our 
study revealed that these products were qualified according to the 
standards listed in the Chinese Pharmacopoeia (the content of 
Chlorogenic acid >1.5%, and cynaroside >0.05%). However, 
after studying the anti-inflammatory effect of the aqueous extract 
from the flowering and leaf stages of FLJ, the anti-inflammatory 
effect of the GB was proven to exceed the other stages. Therefore, 
detecting two components only, such as chlorogenic acid and 
cynaroside, cannot be used during a comprehensive assessment of 
the FLJ. 

NF-kB is a transcription factor [15,16] expressed in numerous 
cell types and is involved in the early immune and inflammatory 
responses. NF-kB also interacts with and regulates many 
molecules, including TNF-oi, IL-ip, IL-2, IL-6, and IL-8. In our 
previous study, we developed a bioactivity-integrated UPLC-Q/ 
TOF protocol for identifying NF-kB inhibitors [17,18]. PCA is a 
multivariate statistical method used to distinguish chemical 
components using cluster analysis and a factorial k-means analysis 
of relatively large data sets acquired from HPLC-DAD, UPLC- 
MS and spectroscopic techniques [19,20]. However, some 
components with a weak ion response, such as chlorogenic acid, 
cannot be identified as distinguishing ingredients. The heat map 
analysis and hierarchical cluster analysis can mitigate this 
deficiency. In this study, a tandem technology that integrates 

References 

1. Li YJ, Chen J, Li Y, Li P (2012) Identification and quantification of free radical 
scavengers in the flower buds of Lonicera species by online HPLC-DPPH assay 
coupled with electrospray ionization quadrupole time-of-flight tandem mass 
spectrometry. Biomed Chromatogr 26: 449-457. 

2. Peng LY, Mei SX Jiang B, Zhou H, Sun HD (2000) Constituents from Lonicera 
japonica. Fitotcrapia 71: 713—715. 

3. Li MZ, Yang YQ, Li J, Li ML (2010) Analysis of the economic value of 
honcysucUc, MODERN BUSINESS 9: 278-279. 

4. Commission CP, editor (2010) The Pharmacopoeia of the People's Repubhc of 
China Version (2010). Beijing: Chin. Med. Sci. Technol. Press. 

5. Krishnamoorthy S, Honn KV (2006) Inflammation and disease progression. 
Cancer Metastasis Rev 25: 481^91. 

6. Calder PC (2006) n-3 polyunsaturated fatty acids, inflammation, and 
inflammatory diseases. The American journal of clinical nutrition 83: S1505- 
1519S. 

7. Shang X, Pan H, Li M, Miao X, Ding H (2011) Lonicera japonica Thimb.: 
ethnopharmaeology, phytochemistry and pharmacology of an important 
traditional Chinese medicine. J Ethnopharmacol 138: 1—21. 

8. Tang D, Li HJ, Chen J, Guo CW, Li P (2008) Rapid and simple method for 
screening of natural antioxidants from Chinese herb Flos Lonicerae Japonicae 
by DPPH-HPLC-DAD-TOF/MS. J Sep Sci 31: 3519-3526. 

9. Xu Y, Olivcrson BG, Simmons DL (2007) Trifunctional inhibition of COX-2 by 
extracts of Lonicera japonica: direct inhibition, transcriptional and post- 
transcriptional down regulation. J Ethnopharmacol 111: 667-670. 



UPLC-Q/TOF-MS information with a NF-kB luciferase reporter 
gene assay was used to identify the distinguishing ingredients from 
four sample groups. Ten ingredients integrated from six PAC 

marker ingredients and seven bioactive components were found in 
the different flower bud stages of FLJ (Fig. 2). Cynaroside was not 
detected in the aqueous extracts due to its low content and poor 
water solubility. On the other hand, chlorogenic acid exhibited a 
stronger anti-inflammatory activity consistent with the previously 
reported data [21-23]. Although it was not identified as a 
distinguishing ingredient by PCA due to its weak ion response, the 
two other methods indicate that its content differs across the 
various stages. The difierent anti-inflammatory activity demon- 
strated by the various samples could also be explained by the 
difierent swertiamarin and .sweroside contents. Previous studies 
reported that swertiamarin [24] possesses antiedematogenic effects 
compared to the three inflammatory agents used to induce paw 
edema. Swertiamarin also displays in vitro antioxidant activity 
against several free radicals. Sweroside [11] can mediate anti- 
inflammatory activities by suppressing inflammatory enzymes, 
such as COX-2, iNOS, and .5-lipoxygenanse (."i-LOX). As effective 
ingredients, and excepting chlorogenic acid, swertiamarin and 
sweroside should be used to evaluate the quality of FLJ products. 
On the other hand, since FLJ had complex compound compo- 
nents, although some active ingredients showed NF-kB inhibitor 
activity had been found in this study, their synergistic mechanisms 
need an in-depth study. 

Conclusion 

In conclusion, there are large variations in the quality of the FLJ 
products sold on the market. Our study revealed that the anti- 
inflammatory effect of FLJ gradually decreased as flowing 

progressed, the GB demonstrated the most biore activity, and six 
typical ingredients were found during the FLJ GB stage. Adding 
the analysis of the swertiamarin and sweroside contents during 
quality control could improve the regulation of FLJ products. 

Author Contributions 

Conceived and designed the experiments: GB GL MJ. Performed the 
experiments: Y. Han HZ MZ JG. Analyzed the data: Y. Han MJ Y. Hou 
XX. Contributed reagents/materials/analysis tools: Y. HouJG. Wrote the 
paper: MJ Y. Han. 



10. Yoo HJ, Kang HJ, Song YS, Park EH, Lim CJ (2008) Anti-angiogenie, 
antinociceptive and anti-inflammatory activities of Lonicera japonica extract. 
J Pharm Pharmacol 60: 779-786. 

11. Ryu KH, Rhec HI, KimJH, Yoo H, Lee BY, et al. (2010) Anti-inflammatory 
and analgesic activities of SKLJI, a highly purified and injectable herbal extiaet 
of Lonicera japonica. Biosci Bioteehnol Bioehcm 74: 2022—2028. 

12. Park KI, Kang SR, Park HS, Lee do H, Nagappan A, ct al. (2012) Regulation of 
Proinflammatory Mediators via NF-kappaB and p38 MAPK-Deprndcnt 
Mechanisms in R.WV 264.7 Macrophages by Polyphenol Components Isolated 
from Korea Lonicera japonica THUNB. Evid Based Complement Alternat Med 
2012: 828521. 

13. Yue GO, Chan BC, Kwok HF, To MH, Hon KL, et al. (2012) Screening for 
Anti-inflammatory and Bronchorelaxant Activities of 12 Commonly Used 
Chinese Herbal Medicines. Phytother Res 26: 915-925. 

14. Ciarcia R, VitieUo MT, Galdicro M, Pacilio C, lovane V, ct al. (2012) Imatinib 
treatment inhibit IL-6, IL-8, NF-KB and AP-1 production and modulate 
intracellular calcium in CML patients. J Cell Physiol 227: 2798-2803. 

15. Oeckinghaus A, Ghosh S (2009) The NF-kappaB family of transcription factors 
and its regulation. Cold Spring Harb Perspeet Biol 1 : a000034. 

16. Panaro MA, Carofiglio V, Acquafredda A, Cavallo P, CianeiuUi A (2012) Anti- 
inflammatory effects of resveratrol occur via inhibition of lipopolysaccharide- 
induced NF-kappaB activation in Caco-2 and SW480 human colon cancer ceUs. 
Br J Nutr: 1-10. 



PLOS ONE I www.plosone.org 



9 



May 2014 I Volume 9 | Issue 5 | e96214 



Screening Bioactive Markers from FU 



17. Jiang M, Zhou M, Han Y, Xing L, Zhao H, ct al. (2013) Identification of'NF- 
kappaB Inhibitors in Xucbijing injection for sepsis treatment based on 
bioaetivity-integrated UPLC-Q_/TOF. J Ethnopharmaeol 147: 426-433. 

18. Xing L, Jiang M, Dong L, Gao J, Hou Y, et al. (20 1 3) Cardioprotective effects of 
the YiQiF uMai injection and isolated compounds on attenuating chronic heart 
failure via NF-kappaB inactivation and cytokine suppression. J Ethnopharmaeol 
148: 239-245. 

19. Xu K, Jiang S, Zhou Y, Zhang Y, Xia B, ct al. (201 1) Discrimination of the seeds 
of Notoptcrygium incisum and Notopterygium franchetii by validated HPLC- 
DAD-ESl-MS method and principal component analysis. J Pharm Biomed Anal 

56: 1089-1093. 

20. Fraige K, Pereira-Filho ER, Cairilho E (2014) Fingerprinting of anthocyanins 
from grapes produced in Brazil using HPLC-DAD-MS and exploratory analysis 
by principal component analysis. Food Chem 145: 395^03. 



21. Xu Y, Chen J, Yu X, Tao \V, Jiang ¥, et al. (2010) Protective effects of 
chlorogenic acid on acute hcpatotoxicity induced by lipopolysaccharidc in mice. 
Inflamm Res 59: 871-877. 

22. Kim HR, Lee DM, Lee SH, Seong AR, Gin DW, et al. (2010) Chlorogenic acid 
suppresses pulmonary eosinophilia, IgE production, and Th2-type cytokine 
production in an ovalbumin-induced allergic asthma: activation of STAT-6 and 
JNK is inhibited by chlorogenic acid. Int Immunopharmacol 10: 1242-1248. 

23. Shen W, Qi R, Zhang J, Wang Z, Wang H, et al. (2012) Chlorogenic acid 
inhibits LPS-induccd microglial activation and improves survival of dopami- 
nergic neurons. Brain Res Bull 88: 487-494. 

24. Vaijanathappa J, Badami S (2009) Antiedematogenic and free radical 
sea\'enging activity of swertiamarin isolated from Enicostemma axillare. Planta 
Med 75: 12-17. 



PLOS ONE I www.plosone.org 



10 



May 2014 I Volume 9 | Issue 5 | e96214 



